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TOXICITY STUDIES WITH DIETHYLENE GLYCOL MONOBUTYL ETHER

1. ACUTE ORAL L@iﬁ

Introduction

Available date Iindicate that the glycol ethers, in general, have
lov to moderate degree of toxiclity. The maiority of these compound
are only slightly {rritating to the skin, though most arve

absorbed percutanecusly. Eye contact produces moderste ivri
Frolonged or repeated inhalation of ¢

and sdverse systemic effects; however,

of these ethers should prevent exposur

(1)

normal temperatures,

Several toxicity studies were designad

gpecifically study the

{@E}» This report des

gtudies in

5

Mateviels

The test compound was supplied by the Texas fastwman Compsny, 4&n
sliguet of esach test sample was subnlty o the ¥odak Park

Industriel laboracory for identification of contemivents. (s




chromatogrephic enalyses showed thzt the test compound was > 99.5%
pure., The chemical structure of DB was C@ﬂfi?@@d by infraved

e

spectrosCcopy.

The test specles were Charles River COBS, CD, BR male rats
{150-200 g) and Charles River, COBS, CD-1 male mice {15-17 g). The
animals of both species were received from the game supplier at
same time. 1 eninmsls were guarantined and acclimeted in ocuv
laboratory prior to belng randomly assigned to the s

batches of both species were received epproximately t

apart. The acute oral LD&@ wes determined in fasted

animals, with 8 pericd of two months between experime

serles of LE&Q determinations {(fasted and fed) in both sp

were conducted exectly the same except for the fasting

dosing snd the batch of animals used.

groups of five rats or mice sach. The doses

on & mM/kg basls for the purpose of comparison with other compounds
and ranged from 10.5 to 168 aM/ky progressing by & fector of two.
Dose sdministration was by gavage, undiluted, using s glass syvinge

fitted with & polypropylens catheter. The animals were {ndividually

housed in suspended wire-bottom capes. Vater was aveilable ad

1ibitun and except for the removal of the food from the fasted
animals 16~20 bours prior to trestwent, food was avallsble ad

libitum,




General eppearance snd sctivity, pharmacologic and toxicologic signs

and mortality were checked twice daily @Kﬁﬁ?irﬁﬁ weekends and-

e

holidays. The appearance of stools and urine on the trays vwas noted

and individual body weights were done prior to dosing end at the end

of the two week observation period.

Animals that died during the study and all survivors were necropsied
and exanmined for gross pathology. The survivers within & particulsy
compound group were necropsied by the same prosector begimning with
the high dosed animels and proceeding to the low dosed groups.

LDBO

method of Thompson and Wel

with its 95% confidence interval was calculated using
1»{23

Results and Discussion

.&the eral &35@ values for DB in fasted wale rats snd mice and fed
male rats and mice ave presented in Table 1. These results are in
agreement with reports in the litersture which indicste that the
mono ethers of diethylene glycel have a low degree of scute oral

tegieﬁtygil}

In both species, DB was less toxic dn the fed snimals, and was move

tonle for mice than for rats in both fasted and fed snisals.




Clinical signs of toxicity for both fed snd fasted animals of both

oa

species were insctivity, labored breathinog, rapid respirstion,

gnorexia, slight to moderate weskness, %remors, ?fagﬁrﬁzi@ﬁ and
death. Deaths occurred from within one to four days following
treatment. Hematurla wss not observed at any dose level of DB in

either species,

No compound-related effects were observed on gross sautopsy.
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Iable 1. Acute Oral LDgp's of Diethylene Glycol Momobutyl
Ether in Fasted and Fed Bets and Mice

,

LDggy (mmol/kg) LDgp (mg/kg)

Bat (fasted) 45,0 (32,1

Hat (fed) 58,4 (40,

1

Mouse (fasted) 14,9 ( 8.1

Mouse {fed) 36,1 {22,

o

63.2)8
87.8)
24,2}

52.%9)

& 957 confidence interval
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TOXICITY STUDIES WITH DIETHYLENE GLYCOL MONOBUTYL ETHER ~

II. ACUTE DERMAL LESS

Introduction

Available data indicate that the glycol ethers, in general, has
low to moderate degree of toxicity. The majority of these compm
are only slightly Irritating to the skin, though mest are read?
absorbed percutanecusly. Eye contact produces wmoderate irri
Prolonged or repeated inhalation of the vapors may cause Ilrrits
and adverse systemic effects; however, the relatively low wvo

of these ethers should prevent exposure to toxic concentrations

.
normal t@mper&tureggi‘}

Several toxicity situdies were designed in cur laboratory to
specifically study the toxicity of diethylene glyeol monobutyl ether
{DB). This report describes the results of acute dermal 13%%

studles In vabbits and acute skin Irritation studies In gulinea pigs.




The skin irvitation studies in guinea pigs were done in the
Toxicology Section, Health, Safety, and Human Factors Laborgtory,

Eastman Kedak Company.

The test compound was supplied by the Texas Esstman Company.
An aligquot of the compound was submitted to the Kodak Park
Industriel Laboratory for identificetion of contaminants.
chromatogrephic analyses showed that the test compound was >
pure. The organic structure of the cowmpound was confirmed by

infrared spectroscopy.

HMale New Zealand white rabbits were purchased from Dutc

Laboratory Animals Inc., Depnver Pa. The enimals were 7s

essigned to groups of five rabblis each using s comp

rendomization process. Each animal was assi

identification number and housed individually in metal cage mavked

with the animals’s number. Purina laboratory Rabbly Chow®™ and

drinking water were available ad

The rabbits were quarantined ard acclimsted to the laboratory
conditions for st least three weeks priov to treatment. During thd
period each aniwmal received & heslth status examination by a stalf

veterinarian.

The test compound was administered to the closely clipped, unabraded
back of the animals. Depending on the volume to be adeinistered,

one or mere 3 1/2 v & inch Werbil® Handl Pads were held {n close




contact to the skin by &n occlusive vrap of dentsl dam. The
compound was injected under the wrap Into the pad using =& i@ﬁg
stainless steel intubation needle. 7The edges of the dental dam were
then sealed using adhesive tape. 7The doses were aduministered on a

millimole per kilogram of body weight basis te facilitate the

comparison of Lﬁﬁsﬁﬁ with other compounds., The followlng four

dose levels were administered; 10.5, 21.0, 42.0 and 84.0 mmol/kg

{1701, 3402, 6804 and 13608 mg/kg).

After 24 bhours, the wrap was removed, the amount of any r
compound was estimated and the ares was wiped with

preclude further absorption.

All animals were observed twice daily for wortality and once & dav

for abnormal signs. Dermal regponses were noted and scoved

(2)

i, 3, 7, 10 and 14 using the method of Draize. Individual

welghts were recorded prior to dosing, on day 7 and at desth or
termingtion (day 14). Survivors were killed on dey 14 with agn
overdose of sodiuw pentobarbital, exsangulnated and sutopsied.
Animals thet died during the ohservation period were sutopsied
aleo. CGross pathology was recorded for s11 radbbits., The LD, was

50
caleulated using the sethod of Thompson and §$i§&§3}

Frimarvy skin irritetion was deternined by spplicstion of the
compound to the depilated abdomen of the guines plg &t 8 dose of 1,

5, 10 or 20 ml/kg under an occlusive wrap for 24 hours.




Results

of DB for the rabbit was 17.06 smmol/ks with

The scute dermal Lﬁgg
a 95% confidence interval of 12.9 to 22.5 mmaifkge This s
equivalent to 2764 mg/kg, with a 95% confidence interval of 2090 to

3645 mg/kg.

Clinical signs of toxiclity noted after treatment were death,

anorexia, depression, tremors and prostration.

The skin reactions in the rabblt, evaluated and sc

the Draize method, indicate that DB produced only slight
irritation. When skin Irritation was determined in the g

by the standardized procedure used in our laboratory, DE p

only slight irritalen. Table 1 presents the dermal fxri

respouse for DB in the vabbit and the guinea plg. The

assoclated with the irritstion is the highest dose given at which

enough animals survived so that irritation could be evaluated.

Gross pathology at sutopsy is summarized in Table 2. Sowe evidence
for edverse effects on the kidneye was ﬁ@&ﬁsg particulazly at the
higher dose levels. Reddish colored fluid was observed in the
srinary bladder of the second lovey dose group. ¥No such findings
were noted at either of the two higher doses. Edematous and

hemorrhagic lesions of the thymus were observed at the higher doses.
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Skin Response of Rabbits and Guines Pigs to Toplcal
Application of Diethylene Glycol HMonmobutyl Ether

£

b

Species " Irritation

Rabbit 3.4 £light

Guinea Pig 19.1 §light

8 Highest dose at which sufficient cnimals survived for evalus

b Irritetion in rabbit eccording to Draize; guinea-pig sccord
to our lsboratory standard procedure.




Table 2., Summary of Gross Pathcleogy Exsmination in Rabbits

Diethylene Glycel Monobutyl Ether

= Dose (mmol/kg) -
10.5 21.0 £2.0

No.

No. survivors to 14 days

Thymus
Edematous

Edema & hemorrhage
Increased vascularity
Yellow discoloration

Gl 3 tad B3

Lungs
Brown discoloration

Liver
Brown discoloration

Kidneys
Enlarged

Discoloration (tan)
Pelvis discolored

Stomach
Hemorrhage

Small Intestines
Increased vascularity

Urinary Bladderxr
Fluid, dark ved

Skin
Reddened areas

Thoracic Cavit
Brown fluid

Fat
Tinged ~ yellow
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TOXICITY STUDIES WITH DIETHYLENE GLYCOL MONOBUTYL ETHER

II11. SIX WEEKS REPEATED DOSE STUDY

Introduction

The ethers of ethylene and diethylene glycol have been extensively
used in industry for the past 15 to 40 years. Available data
indicate that the glycol ethers, in general, have a low

degree of toxicity. The majority of these compounds are

" slightly irritating to the skin, though wmost are readily ab
percutaneously. Eye contact produces moderate irritation.
Prolonged or repeated inhalation of the vapors may cause Ilirv.is
and adverse systemic effects; however, the relatively low v

of these ethers should prevent exposure to toxic concen

(1)

normal temperatures.

Several studies were designed in our laboratory to specifically
investigate the toxicity of dierhylene glycol momobutyl ether (DB .
This report describes the results of & six week repeated dose

(gavage) study in male rats.

Materials and Methods

The test compound was supplied by the Texas Eastman Company. A&n

aliquot of each test sample was submitted to the Fodak Fark




Industrial Laboratory to be analyzed for purity and verification of
molecular structure. Gas chromatographic results showved that DB was
> 99,5% pure, The molecular structure of the compound was

confirmed by infrared spectroscopy.

Male, albino rats (CR, COBS®, CD, BR) with an average body weight
of 235.7 % 15.1 grams purchased from the Charles Rivers Breeding
Laboratories at Wilmington, MA, were used im the study. The

were quarantined and acclimated to our laboratory for two weeks
prior to the sta.t of the study. The treatment group consis’

30 rats and the control group of 10 rats. The treatment group was

i

further subdivided intoc three dose groups of 10 rats each.

equivalent to 1/2, 1/4 or 1/8 the acute oral (fasted) LD_,

determined in our laboratory were aduministered undiluted by

five days per week for six wesks, This echedule provid

doses over a 44 day period. The control animals were handled
similarly to the treated rats except that they received & volume of
distilled water, equal to the largest volume given a treated

animal. All doses were vecalculated weekly to adjust for changes in

body weights.

The animals were housed individuslly in suspended wive cages snd

Purina Rodent Chow 5001°% and water, via an sutomatic wateving

system, were avalleble ad liblrum.




Individual body weights were recorded on davs 0, 3, 6, 13, 20, 27,
34 and 41 of the study. Individusl snimal feed consumption dats

were recorded at the time the animals were weighed.

Animals were observed dally, except on weekends, for clinical signs
of systemic toxicity and for deviations from normal with respect to
general appearance and behavior. The appearance of urine and feces

on the dropping trays was noted. HMortality was checked dail

Blood was dravn from the inferior vena cava just prior fo a

for hematologic and serum clinical chemistry determinations.
determinations consisted of hemoglobin concentration, henma

red blood cell counts, red cell indices, total and relative

cell counts, glutamic oxaloacetic transaminase, glutamic pyruvic

transaminase, alkaline phosphatase, lactic dehvdrogenase, ures

nitrogen, creatinine and glucose.

Animals that died spontancously were autopsied a&s soon s possible

and moribund animels were euthanized with @GQ and sutopsied.

Tissues were collected for histopathologic examination.

At termination, the survivors were killed by CO, ivhalation and

the following tissues were collected, fixed in 107 buffered
formalin, processed by standard histologic techniques and exsmined
by light microscopy: lung, heart, thymue, kidoevs, liver, spleen,

brain, salivary glands, stomach, cecum, colon, ducdenum, jejuneus,




ileum, pancreas, esophagus, adrenal glands, pituitary, thyroid,

parathyroid, trachea, mesenteric lymph nodes, testes, epididymides,

prostate, seminal vesicles, coagulating gland, b@ﬁ@’@&?f§wg tongus

, .
and nasal cavities. Eyes were fixed in Zenker'’s solution. Pricr to
being sectioned for fixation the liver, kidneys, heart, testes,

brain and spleen were carefully trimmed and weighed for organ/body

weight comparisons.,

Results and Discussion

Mertality

The disposition of all animals on the study is shown in Table 3

[

significant compound related mortalicy occurred {n any dose group.

Body Weight and Feed Consumption

Individual body welghts and feed consumption data with means and
standard deviations, are listed in Tables ¢ and 3. These data arve
presented graphically in Figures 1 and 2. Only the high dose of DB
produced significant reductions in body weight gain and feed
consumption., The intermediate and lower doses of DE produced
slight, statistically non-significant, reductions in mesn body

weight gain.




Hematology and Clinical Chemistries

The individual values of the hemstologic and serum clinical

chemistry determinations are presented in Tables & and 3,
respectively. The major hematologic effects produced by the test

corpound were effects on the red blood cells.

Diethylene glycol menobutyl ether (DB) decreased hemoglobin

levels. Calculated red cell indices, mean corpuscular volume
mean corpuscular hemoglobin (MCH), end mean corpuscular hep
concentration (MCHC), reflected abnormal red cell morphology
{microscytosis, macrocytosis, hvpochromasia). The high and
intermediate doses of DB increased MUV and MCH and decreased the

MCHC,

The high and intermediate doses of DB produced significant decreases
in the glucese "»svel. This change, though statlsticslly
signifi-ant, was only slightly different compared to the contvols

and ite toxlcologic significance 1s wncevtsin.




Organ/Body Weight Comparisons

The individual terminal body and organ weights gfé pr@séﬁt@d in

Table 6.

Significant reductions in mean terminal body weights were seen at

all dose levels of DB.

Absolute and relative spleen weights of the animals given the high
and intermediate doses of DB were significantly increassd.
and intermediate doses of DB significantly increased the abs

and relative welght of the liver.

Other organ welght changes noted were a reflection of the decres

body weight gain seen in these groups.

Clinical Signs

The high dose of diethylene glycol monobutyl ether (DB) produced
bloody urine and blood arcund the nose and mouth in one rat after 23
days on the study. Other elinicel signs noted at this dose level
were dyspnea, prostretion, and unkewmpt hair cost. No clinical siguns

of toricity were seer at the i{ntermsdiste end low dose levels.




Gross end Histopathology

Blood was seen in the urinary bladder of some animsls fé@m the high

dose group of DB that died prior to termination and dark, enlarged
spleens were seen in some of the survivors. No sbnormslities were

noted in the intermediate and low dose animals of DB.

Histopathologic lesions are listed in Table 7. A4ll doses of DB
produced hyperkeratosis of the stomach and acanthosis of the stomach

was seen in a few animals,

Splenic congestion and red pulp hypocellularity and hemosiderin~Ilike

pigmentation were seen &t the high dose of DB,

Histologically, renal effects Included hvaline droplet degeneration,
proteinacecus casts, and hemosiderin in the proximal convoluted
tubules. The proteinacecus casts end hemosiderin appeaved to be
compound related but may have been secondary 2o the hematoloegic
effects. The hyaline droplet degeneration was &lso seen in all ten

control vats., Thus, the significance of this finding {8 uncertasin.




Conclusions

[

No spontaneous deaths were observed in any of the dose groups. Two

animals receiving the high dose were euthanized because of their

moribund condition,

A statistically significant depression in body weight (22%) and food
consumption (20%) was observed for animals receiving the high dose.
For the low and intermediate dose groups, body weight and

consumption were mot significantly different from those

contrel animals.

Significant compound related histopathology was found
of DB treated rats. This consisted primarily of splenic
in 6/10 rats at the high dose only.

hemosiderin and exnramedullary hematopoiesls wvere also

some animals at the high dose.

Kidney effects included protelnacecus casts in the proximsl
convoluted tubules., Hyaline droplet degeneration wes seen in gli
test groups and in 8ll contreol animsls and wes not considered to be

treatment related.

Ho effects were seen on absolute testes welight ovr on testicular
histopatholegy. Organ weight effects included increased absclute
and relative I1iver sand gpleen welights 2t the high and internedinte

doses .




Hematologically, significant decreases in red cells and hemoglobin

were seen after treatment with DB, but only st the high dosé level.

No effects on clinical chemistyy were noted. -
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Table 1., Repeated Dose Study with Disthylene Glycol
Monobutyl Ether in Bate ~ Disposition of fnimals

Dose in ‘
mg/kg Spontaneous Moribund Intubstion - Killed

(mmol/kg ) Deaths Sacrifice Error gt Term

3564(22)
1782(11
891(5.5)

Controld

2 Recelved a volume of distilled water equal to the
given to a treatment group.




Table 2. Body Weighte {g)

DIETHYLENE SLYCOL RONQBUTYL ETHER (DB) 82 6
Bay € Bay 3 BAY & BaY 12 Bavy 80 Bay 34 Bay 41
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Table 2 (cont.),

Body Weights (g)

BODY WEIGHT

CONTROLS

RaT

Day &

Day 13
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Iable 3. Feed Consumption (g/rat/day)
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Table 3 (cont.). Feed Consumption (g/rat/day)
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Table 5.

Clinicel Chemistries

! _®aY

_eenT

BERT

b EY Tl AR 36
! £B3 83 2
! 188 A5 28 278 17 eF o
; 189 ®5 37 ] $73 B igs [ -1
AYE 78 3 3z 7 6952 9 219.3 16. @ S8 5 O 512
50 14 2 &2 ichade B { LTl | 2.9 0o L] pad)
FUINTCA!l CHEMISTEY By ETHY P £ very EunbUTYE STHER (DR Wiy NG
BAT 8007 EGET 1.0 SLK _PHNES B &1 -
191 23 29 739 v 2
. 192 80 35 an7 §62 18
185 &5 29 &8 265 S
196 &8 30 418 188 0
3197 25 e = w q B3 , oy
198 73 26 &72 257 18
189 72 il LA 13 o
200 i av 314 193 13
ave 78 3 30 1 453 ® 1877 12 1 B
o 2 s 0 =2y 2 & ] 2= .
 PLINICAL CHEMISIRY DICTHYLFL £0920 B0 J8UTYL E MER (DEY 5.8 MUOLIKS
BaY LT £aeT L v _PHLS . i gLut CRLATININE
209 75 o5 [Redel ane % 3 oS0
203 116 33 190 i4 son S )
bicTa¥:A 2 oo " Llés ] 3 1822 b4 ]
208 &5 23 TR 163 1é 2% o 60
e Be 17 L ds] 2835 14 b B&
207 7% 13 s $74 3 107 0. 80
SOR i | eTAl! 385 3 PB) o Xs
209 &7 o8 459 190 83 7% o B0
230 &5 e ey I3 1S 28 O 88
&0 T A o agn L P 9.8 192 0538
£ D 19.7 7.4 120 8 T §5.8 5.8 23. & o D48

@

.

#Statistienlly significant compared %@ controls

=

0.05




Table 5 (cont.}. Cliniesl Chemistries
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Table 7. FHistopatholegy

o

L4

Lesions /Dose

@i%ﬁhyieﬁagélyeaiy
Honobutyl Ether

'ﬁigﬁ Inter. Low

Ceontrel

Testes:
Atrophy, seminiferocus
tubules

Epididymides:
Degenerated spermatszos
Hypospernia

Thymus:

Stomach:
Hyperkeratosis
Acanthosis

Liver:
Hepstocytomegally
Anisokarvosis

Leck of eytopl ie
basophilie

Spleen:
Congestlien
Red pulp hypoeellularity

idneys:

Proximal eonvoluted
tubules, hyaline
droplet degeneration
Proteinaceous casts
YHemosiderin -

Eemosiderin T

0/i10 o/10
0/10 0/10
0/s  0/10

8/10 10/10
1/10  0/10

o/10

0/10
olin

§oand
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DOWANOL® DB: A S-WEEK REPEATED VAPOR INHALATION
STUDY IN RATS.

T. S. Gushow, R. R. Miller, B. L. Yano, and

M. 3. McKenna. Toxicelogy Research Lab., Dow
Chemical USA, Midland, MI 48640

Male and female Fischer 344 rats were expos-
ed to 0, 2, 6 or 1€ ppm DOWANOL DB (diethylenme
glycol monobutyl ether) for 6 hrs/day, 5 days/wk
for 5 weeks. Parameters monitored were clinical
observations, body weights, organ weights, hema-
tologic parameters including red cell fragilicy,
urinalysis, clinical chemistry, gross pathology
and histopathology.

No treatment~-related effects were found in
male rats of any exposure group nor in female rats
exposed to 2 ppm DOWANOL DB. Slight liver changes
in female rats exposed to & eor 18 ppm were observ-
ed. These changes were characterized microscopi-
cally as a slightly increased degree of hepatocyte
vacuolization consistent with fatty change.
Compatible with these mlcroscepic changes, group
mean relative liver weights were slightly increas-
ed, and paleness of liver was nored grossly dn 3
of 10 females in the 18 ppm group. Since a very
slight degree of vacuclization (apparent fat
accunulation) was observed in the livers of the
control and 2 ppm females, the minimal increase of
vacuolization observed in the livers of the 6

and 18 ppm females was considered to have
questionable toxicological significance. DOWANOL
DB does not appear to pose an appreciable inhala-
tion hazard because of its low vapor pressure and
minimal toxicologic activity at vapor concentra-
tions which can be attained.

®Trademark of The Dow Chemical Company




MALE AND FEMALE FISCHER 344 RATS WERE EXPOSED TO
0, 2, 6 OR 18 PPM DOWANOL® DB (DIETHYLENE GLYCOL MONOBUTYL
ETHER) FOR & HRS/DAY, 5 DAYS/WK FOR 5 WEEKS. PARAMETERS
MONITORED WERE CLINICAL OBSERVATIONS. BODY WEIGHTS, ORGAN
WEIGHTS, HEMATOLOGIC PARAMETERS INCLUDING RED CELL FRAGILITY,
URINALYSIS, CLINICAL CHEMISTRY, GROSS PATHOLOGY AND
HISTOPATHOLOGY.

NO TREATMENT-RELATED EFFECTS WERE FOUND IN MALE RATS
OF ANY EXPOSURE GROUP NOR IN FEMALE RATS EXPOSED 70O 2
DOWANOL DB, SLIGHT LIVER CHANGES IN FEMALE RATS EXPOS

6 OR 18 PP WERE OBSERVED. THESE CHANGES WERE CHARACTER
™

MICROSCOPICALLY AS A SLIGHTLY INCREASED DEGREE OF HEPATOCYTE
VACUOLIZATION CONSISTENT WITH FATTY CHANGE. COMPATIBLE WITH
THESE MICROSCOPIC CHANGES, GROUP MEAN RELATIVE LIVER WEIGHTS
WERE SLIGHTLY INCREASED, AND PALENESS OF LIVER WAS NOTED
GROSSLY IN 3 OF 10 FEMALES IN THE 18 PPM GROUP, SINCE A VERY
SLIGHT DEGREE OF VACUOLIZATION (APPARENT FAT ACCUMULATIOND
WAS OBSERVED IN THE LIVERS OF THE CONTROL AND 2 PPM FEMALES,
THE MINIMAL INCREASE OF VACUOLIZATION OBSERVED IN THE LIVERS
OF THE & AND 18 PPM FEMALES WAS CONSIDERED TO HAVE QUESTIONABLE
TOXICOLOGICAL SIGNIFICANCE, DOWANOL DB DOES NOT APPEAR TO
POSE AN APPRECIABLE INHALATION HAZARD BECAUSE OF ITS LOW
VAPOR PRESSURE AND MINIMAL TOXICOLOGIC ACTIVITY AT v-POR
CONCENTRATIONS WHICH CAN BE ATTAINED,




THE PURPOSE OF THIS STUDY WAS TO EVALUATE THE EFFECTS

OF DOWANOL® DB IN RATS EXPOSED FOR 5 WEEKS AT THE HIGHEST

CONCENTRATION PRACTICALLY ATTAINABLE (APPROXIMATELY 18 PPM)
“ALONG WITH 2 LOWER EXPOSURE CONCENTRATIONS (2 AND 6 PPI)
THESE RESULTS WILL BE USED TO HELP ASSESS THE POTENTIA!

HAZARD FROM INHALATION OF DOWANOL DB,




PHYSICAL STATE COLORLESS LIQUID

MOLECULAR WEIGHT 162,232 @fﬁﬁtﬁ‘

DENSITY 0,955 Gfﬁﬁ

FLASH POINT (TCO) 222°F

BOILING POINT 230°C at 760 wm He

VAPOR PRESSURE 0.03* mM He AT 23°C, 740 mm Ha
MOLECULAR FORMULA CgH1902

STRUCTURE - HOCH, CHoOCH, CHy OCH, CHo CHo CHa

ANALYSIS OF TEST MATERIAL

BOILING RANGE (°(C) 229,9-232,8
Hy0Z WT. <0.01

ACID (7 as HAc) 0.002

APHA COLOR 5

r

SPECIFIC GRAVITY ggﬁg 0,953
COMPOSITION
DIETHYLENE GLYCOL ISOBUTYLETHER 0.06%
DIETHYLENE GLYCOL 1.3 %
DIETHYLENE GLYCOL n-BUTYL ETHER ~ 88.6 % (v DIFFERENCE}
NO OTHER IMPURITIES WERE DETECTED ABOVE 300 PPM.

ACALCULATED BY ANTOINE EQUATION




ANIMALS 15 FISCHER 344 RATS/SEX/CONC.

EXPOSURE CONC 0,2, 6 & 18 PPM, & HRS/DAY, 5 DAYS/WK
FOR 5 WEEKS

EXPOSURE CHAMBERS 157 LITER ROCHESTER-TYPE STAINLE
STEEL AND GLASS WITH DYNAMIC Al
OF 25 LITERS/MIN.

—
o
“ry
L
o
o -

PARAMETERS MONITORED CLINICAL OBSERVATIONS

BODY AND ORGAN WE

HEMATOLOGY
RED CELL FRAGILITY
URINALYSIS

CLINICAL CHEMISTRY
GROSS PATHOLOGY

HISTOPATHOLOGY

STATISTICAL EVALUATION BARTLETT'S TEST, P <0.01

ANALYSIS OF VARIANCE, P <0.10
DUNNETT'S TEST, P <0.05
TEST, P <0.05
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GAS CHROMATOGRAPH V%RIQN AEROGRAPH 2400

COLUMN . 6’ X 1/8” STAINLESS STEEL

PACKING 10% OV-101 ON 80/100 MESH
CHROMOSORE W-HF

COLUMN TEMP 172°C

DETECTOR Hy FLAME 10NIZ




NO EFFECTS IN MALE RATS OF 2, 6, & 18 PPM GROUPS
NO EFFECTS IN FEMALE RATS OF 2 PPM GROUP

MINOR EFFECTS OF QUESTIONABLE TOXICOLOGICAL SIGNI
IN FEMALE RATS OF 6 & 18 PPM GROUPS

SLIGHT INCREASE OF HEPATOCYTE VACUOLI
CONSISTENT WITH FATTY CHANGE IN 6 & 18

GROUPS OVER THE VERY SLIGHT DEGREE Of
VACUOLIZATION OBSERVED IN THE O & 2 PPH
GROUPS.,

RELATIVE LIVER WEIGHT
SLIGHT INCREASE IN & PPM GROUP

STATISTICALLY SIGNIFICANT INCREASE
IN 18 PPM GROUP

PALENESS OF LIVER IN 3/10 OF 18 PPM GROUP




FASTED
EXPOSURE BODY LIVER

LEVEL (PPM) WEIGHT (&) 6.

0 228,2
8.2

228.8
16.8

225.6
15.1

227.7
13.3

FEMALE | 143.4
5.7

14

0.9
6.7

+S.D.

*SIGNIFICANT DEVIATION FROM CONTROL MEAN USING Dunnett’s Ttest, ¢ <0.05.




IDOWANDL® DB IS NOT AN APPRECIABLE INHALATION HAZARD

BECAUSE OF ITS LOW VAPOR PRESSURE AND MINIMA!

TOXICOLOGIC ACTIVITY AT VAPOR CONCENTRATIONS

WHICH CAN BE ATTAINED,
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RESULTS OF TESTING FIFTEEN GLYCOL ETHERS I A
SHORT-TERM IN VIVO REPRODUCTIVE TOXICITY ASSAY

Fifteen glycol ethers were investigated for their potential to cause adverse
reproductive toxic effects using an in vivo mouse, screening bicassay.
Pregnant mice were orally dosed once per day on days 7 through 14 of §%$ﬁ%ﬁ§§ﬁr
at concentrations causing 0 to 41 percent maternal mortality. Reproductive
endpoints included pup survival in utero (percent of 1ive Titters/p
survivors), pup perinatal and postnatal survival (number of 1ive

litter, number of dead pups per Titter, and pup survival

and pup body weight statistics {weight at birth and weight at 2.5 dave of

The study was conducted in two phases: a dose range-finding phase usicg

non-pregnant female mice, and a definitive reproductive phase using time-matel

mice. The range-finding phase sought to identify, for each chemi

maternal gﬁlﬁ as the target dose. However, based upon reproductive phase
resuits, such an exact dose was impractical to achieve. Thus, 2 range from
the L3§ to the LQ:@ was considered a sufficient challenge dose that would
not affect results due to high mortality, {.e., greater than i




‘m: a) very iﬁgh Wé@ﬁ%;ymtré@m?@ﬁ@ giy@% ¢ther {?ﬁi §%§} ;T §§

high priority--ethylene glycol (EG), ethylene glycol me tﬁg% ether (EGME),
ethylene glycol monoethyl ether (EGEE), eiﬁyftarx& glycol diethy!
~ (EGdiEE), and éi@gﬁy?@ﬁg glycol monc tﬁyi gtﬁ@ﬁ {DiE i} g} §§§§3§ tﬁ %%g%
 1;gr1@rﬁﬁy~~§tﬂy?@ﬂ§ glyco! éi&@tﬁy% ether iisdiﬁig and §§§§§§§§ﬂ§ g%y@ﬁ? :

dimethyl ether (Dii%ﬁi%ﬁ?; d) middle g?igﬁétyﬁ«§§ﬁy§§§§ giycol monobuty! éﬁﬁsr
(EGBE), diethylene glyco! (DiEG), diethylene glycol diethyl ether (Di

. and triethylene glycol (TriEG); e) low priority--

Gigthyiens g?ycai @@ne&tnyi @th@r‘iaiiasgé and gi@tﬁy%%ﬂ@ glycol dit
(QiE@diﬁﬁi Bigthy§@ﬁ§ g?ygat @@ﬁ@huﬁyi @ﬁh@r~i§€§ ) was not admi

‘&t é s&ffics%ﬁt gh&%?eng& dﬁse anﬁ sh@aid be ?@@%gﬁsdﬁ

NIOSH does not regard these results as appropriate for tabeling
safe or unsafe. Instead they are suggestive, when considered along w
tnfmmtmn on each chemical, of the urgency with which these chemica

b@ mmsider*%d for more detailed conventional ﬁggtéﬁg@




TN TRODUCTION

Ceﬂvensisﬁai P@pméﬁﬁﬁ ve testing 1s expensi ve, involves ¢ ex scheduling,
gsd F@Qﬁ??&i ths coum t@@ﬁt cf ﬁigﬁ%y traésed personnel. -
mq&sﬂmn’es, sa@?e@ sﬁth the exi steme of a %g?ge n

lack raprﬁééctive toxicity fﬁf@?ﬁ&t?ﬁﬁg have created an urg@ﬁt ﬂ@@ﬁ for s%g%ﬁ
inexpensive methods of sc*eeﬁing chemicals for reproductive toxicity. With
this in mind, the National Institute for Occupational Safety and

‘ C&iQSH)S iﬁ canjaagﬁisﬁ gith tﬁ@ ﬁ&iiﬁﬁ@? T@xiQQEQQy Progr

ix; ?ar tﬁ§§ ﬁ@st ?F%Qﬂaﬁt afce are tr@@t@ﬁ éﬁfﬁﬁg organoy

i:'c‘iessgs ef the test chemicals. Females are then all

litters and the number of live-born pups, their birth weight

survival to 2-3 days of age are monitored. While the test is not

§ar }aﬁetsﬁg & compound as safe or unsafe, it may serve to generate

agafui in @stab31§h§ﬁg gr%@ri ies for C@%¥%§t§@§§3 testing. It may alsoc be
useful for ragid%y surveying structure-activity relationships. As part of the
ATP %valuétﬁon of potential r@@radggtiwé toxins, ?%ﬁ?k@§ﬁ§?§§%§ were awarded
by §1333 uﬂ¢§F which & total of 30 chemicals were tested. Fif

chemicals were glycols or glycol ethers and the results of those tests are

summarized here. 0f these fifteen, three contractors tested four chemicals

each and one contractor tested the rem iai : (see Table 1). Hone ware

~ tested fn more than one Taboratory.




METHODS

All contractors used CD-1 mice purchased from Charles River Breeding

Laboratories, Inc. (Wilmington, Massachusetts) throughout "these studies.

Chemicals were evaluated in two phases: a gr%!%&iﬁ@f§'§@5§m§i§§%§g study iﬁ‘\

nonpreynant mice followed by the reproductive phase using ti:

In both phases cnemicals were evaluated in blocks of 2 to 4 chemicals with a
shared concurrent vehicle control group. Some blocks included only glycols,
others included other chemicals. Only data on g?yca%giaf@ reported here,
Chemicals were provided to contractors by NIOSH and w@ﬁabiggiﬁﬁ in bl

the chemicals fdentified by an arbitrary code number. Table |

glycols tested and their abbreviations, structural formulas, ¢

and the laboratories that performed the investigations. DiEGd

administered in corn oil due to ts insolubility in water.

served as the vehicle for all other glycols tested. Dosage was by

in all. instances.

The dose range-finding study was conducted at 5 dose levels using 10 mice, 6
,'ta 8 weeks old, per treated or control group (except for 4iEGBE and dif »
where the micé were 80 to 80 days Q§§§§» Upon + m§§§§§ mice

and marked for individual identificatien, formally randomized to
treatment groups. Mice were group-housed, § per cage throughout
range-finding study. Standard laboratory rodeat chow and untreated tap water

were available ad 11 ‘ %@@éiﬁg of a ty not to induce microsoms




10 ml/kg body weight. Body weights were recorded on days 1 and 8 of the
dosing period and on days 4 and 8 of an 8-day post-dosing observation period.
Group mean or individual body weights taken $ﬁ4§§§ first day of dosing were
used to calculate treatment volumes over the entire 8-day dosing period.

. Survivors were sacrificed immediately following the last weighing on the 8th

post-dosing day. A1l mice that died before that time were necropsied for
evidence of dosing error as a cause of death. Based on the resuits of these
dose-finding studies, the estimated L@lﬁ dose was selected for the

reproductive phase.

Reproductive studies were conducted in time-mated CD-1 mice, § *
age, orally dosed on days 7 to 14 of gestation {day 1 of
on which a copulatory plug is abs@fveﬁ}: Mice were received
5 of gestation. On day 5 they were weighed and marked for inddvidus:
identification, then formally randomized to treatment or control groups of 50
mice each. Test chemicals were administered at a single dose in a constant
vol of 10 ml/kg body weight. Maternal body ights were taken on day 7
gestation immediately before dosing, on day 18 of gestation, and on day 3
postpartum. The weight of the animal on gestation §§§ 7 was used to calculate
the dosage for the entire period. All mice were housed individually
throughout the reproductive study. Food
in the range-finding studies except

 day 18,




hours), the number of live and still-bern pups was recorded. Maternal
weight was recorded and all live pups were weighed together. Pups and their
dams were then returned to nest boxes and were left undisturbed until

after the initial weighing, at which ¢i

_weight, and maternal body weight were again recorded.

Details of the statistical analyses varied from one contractor to another, but
generally the procedures were similar. Body weight data were analyzed by
analysis of variance. The proportion of surviving pregnant mice that gave
birth to viable litters (1 or more Tive-born pups) was evaluated b
Fisher-Irwin Exact test. iumbers of live and still-born pups ang

survival to 2.5 days of age were analyzed by analysis of vas

Student's t-Test.

Table 2 and Table 3 present the findings of the postnatal screen of the 15
glycol ethers. Because these chemicals were investigated by four :ndependent
laboratories at different times, and in som 5 concurrently with other
chemicals, seven control groups were used ( t \ re than one
chemical). Control values were generally consistent across these seven
groups. There was only one maternal death in all control groups and that was
a result of a gavage error. Reproductive success in the controls ranged

91 percent to 100 percent of all pregnant survivers. average Titter size

postnatal survival (to




Nine é? fiftéeﬂ glycols tested aff@gtgé the viable litter

mice treated with EGME, EGEE, EGdiME, diEGAIME, and triEGdiME produced no

viable 1itters. #ice treated with EG, EGBE, §§§§E§ and diEGME showed a

significant reduction (p<0.05) in viable 1itters produced (41, 77, 11, and 16
  ‘9§?§&ﬁt viable 1{tters produced, r@spggtively)@ ‘Tﬁﬁ remaining glycols and

glycol ethers produced no effect on that reproductive index at the

concentrations administered.

Postnatal observations varied widely ?n those groups with viable

and EGdiEE reégged the number of E%ve pups per litter, increasad

dg&é pups per litter, reduced pup‘surviva3s reduced pup birth weis
reduced pup weight gain over days 1 to 3 postpartum. EBdIEE 4

analyzed statistically because of the small ple size. [DIEGHME

reduced (p<0.05) the number of live pups per litter and pup survi

1 to 3 postpartum. DiEGAiEE significantly increased (p<0.05) the nu
dead pups per litter and significantly reduced (p<0.08) pup birth weight.
‘DiEGdisa increased (p<0.05) the number of dead pups per 1itter. DIEG reduced
(p<0.05) pup weight gain over day 1 to 3 postpartum and triEG and d1EGEE
reduced (p<0.05) mean pup birth weight.

DIscussi

Because it 13 our intent to use this bioassay to scre

potential to cause reproductive toxicit

ploy clearly ﬁsxéﬁ doses. If a ¢h




5&&%@?@ ch&??angﬁ Tevel.

reproductive toxicity follows. DIEG and triEG

mortality; d1EGdiBE produced 8 percent s&%ﬁ@??ty; and diEGEE produced 14
“ ,“gement @amﬁtg dHone of these showed strong %ﬁé@ﬁ@& §§ reproductive
”--tcgicftye In facts diEGEE treatment did not @év@r&&%g affect any of
regéodéctiVe indices.

‘: As mcted, the estimated maternal Lﬁiﬁ wgg chosen as the challenge dose to be
\gﬁgd,feé‘the reproductive studies. 1In practice, mortality will vary somew
and é‘résgoése in the Lﬁﬁ;gg range was §§ﬁ§§d§?"“ acceptable

?eﬁééd‘u‘cﬁvei ‘p‘has@e 1f reproductive ef*?@@‘ts are noted in

,thamrzﬁa maternal . rtality, the test probably should be repeated at 2
dose. Conversely, if there is no reproductive toxicity and

maternal mortality, the test §?%$§§§3 should be f@ﬁ@@é@é at a higher &
‘~Thi¢ L§§ og Fange, however, is only a tentative §%§§@§t§§ﬁ and further
exﬁem@nc% with this test may suggest other criteria for judging the

appropriateness of the chaliznge dose.

The six endpoints examined for determining ¢ prierity of
further testing can be condensed into three levels of consideration.
fmportant is pup survival in utero, f.e., percent viable litters delivered by
gmgﬁaﬁﬁ sgwivwag af

vival | r 1tter at birth, and p
’@wmi over days 1-3 post partum nsideration is glv ‘

weight endpoints, 1.e., pup weight gain over days 1-3




Chemicals were assi gﬁ&é%@ groups having different priorities for fus

tes;ting based upon whether a sufficient dose was administered (the maternal
LD _ gg) and the deyree of @f’f@cts mmﬁe@ for @ach ct fﬁa’% ?r‘?E%@a

ther@f@re M§ 2 v@s@y %ﬁgh @ﬁsﬁty f@r ?amh@r t@sﬁ@g %@@&sss the | ,

a@mi stereé dsse of 4 percent mt&mﬁ mmﬁty was less than the %@gﬂ@%

and tﬁe results were profound, i.e., no viable litters delivered. Other

chemicals deserving high priority include EG, EGME, EGEE, EGAIEE, and diEGME

in that all were tested within the range of 5-20 percent maternal mortality

and all showed a drastic reduction of viable 1itters. A middle to high Tevel

pﬁérity Jdroup would include EG&%EE and diEGdIiME ause both produc

viable Titters but they received a dose greater than the m@ 50

have influenced the results due to maternal toxicity effect

priority group would include EGBE, diEG, @iigéiif‘ and triEG. EGBE

significantly reduced viable Tittars with no other effects when doged at +

ﬁﬁg@r 1imit of the range of acceptable mortality. D1EG, diEGAYEE and tri

mice ‘réec@w@é less than the LD ,, dose but sti11 produced some lesser

effeztsz reduced pup weight gain for diEG: reduced pup ght gain and

d@ﬁmasgﬁ number of “EW% g@gﬁ per 1{tter for tri€&; and an increased n

dead pups per litter plus a reduced pup birth right for diEGdIEE. A

prierity group would include diEGEE and d1EGdYBE |

achieved and only Igggwgﬁ 1S

for d1EGEE and an increased n

 DEGBE mice did not receive 2 @

thus diEGBE should be repeated until an L 5 ag d0se s achie




’ﬁit % important to note taaﬁ for the gargﬁs@g g% %ﬁ% §§?@§§s
amaﬂg chemicais are based upon &at@rna? g@rﬁ@%itgg ,e@s doses less thaas
greater th&as or within the iﬁ, -20 range. | @ré&@ag s to the §§t§ﬁt§%§

\expasuﬁ@ ﬁaxard are not made. For @x . alt @gﬁ Sa is é&sigﬁgﬁgﬁ to @

- higher gﬁaﬁty gr‘eug than EGBE, %t say be that an %ﬁ@fwi@@a‘i is more ?%%&%%y

o r’gaeivé an 1 180 @g/kg das& of §E§E é%ﬂ ) than he is to receive an
11,080 mg/kg dose of EG iLQEQE. Thus EGBE may be more of a potential hazard
than EG.
. ?reviaas invesaigatéaﬂs have sﬁ@wn sgvsﬁaﬁ @f tﬁ@ g?y@@? éﬁﬁ
"‘th§~currﬁng w@r& to be ﬁ@?&i@g@ﬂ%ﬁ in tr@é%ti@aa? t@r&i@?%§§
'£E§i (design&t&d in our high priority §?$§$§ %ﬁdﬁ@é@ skeletal
offspring of mice receiving, by oral gavage, as low as 31 mg/
7 through 14 of gestation (2). Gross (external) anomalies and the in
ryonic death were greatly increased in  offspring of mice recel
§§§%yg ‘In an inhalation study, 200 gsﬁ EGME for 7 hours/day on
7 through 15 caused complete embryonic death ia rats (3].
ghts, skeletal and cardiovascular de , wall as

death occurred at both

alies

reased pup weight in offspring of rats
h 21 of gestation (4).
for 7 1
wiviat




’kﬁ?%atiy §§cr@as§d embryonic ésa&&&s and ga;@i@%a&:aﬁgr aaé.gka e\*
anomalies (2). @f?sgring of rats r@@%iwéag 100 ppm of EGEE for 7 ﬁ@urﬁfﬁay on
days 7 through 13 or 14 through 20 of ges&atisg showed altered behavioral

=

patterns and altered brain neurochemical concentrations (7).

‘ E&ﬁfﬂi,ygiéceé §§'6ﬁ§ éidd%e t@'hﬁgﬁjlggﬁ? §r€@f€ty gf@§§; §§$§ﬁ§§t§?ﬁ§ 2§:
pregnant mice by oral gavage on days 7 through 10 of gestation caused
increased &@ﬁﬁyeﬁéc‘ﬁeath at concentrations of 250, 350, and 430 mg/kg/day
{Sie Ske?%téi ané exte?ﬁéi @ﬁ@ﬁaiigs @Cﬁﬁ??@d in the 490 mg/kg group.

in our middle przarity gr@ug, @a&sa@ Ao §§§a?@ﬁﬁ @é%@?i@ effect on the
7{,s§fs§rﬁn§ af rass %Xp&%@d t@ 2@@ gg@ i&gE for 7 %@@?%fﬁﬁy on gest

thraﬁgh zs §3}@ azggga, in our 3@% grﬁﬁ?ﬁﬁy group, caused no ac

on the offspring of rats axp@s&d to 100 ppm for 7 hours/day on ¢

15 of gestation (2).

Some general statements can be made regarding st

{Tkﬂ?@ 4}. A1l mice receiving glycel %ﬁﬁ%?ﬁ having terminal

1.2., EGME, EGdIME, diEGME, J1EGdIME, and triEGdi

‘§it$§r$\€§& 0, 16, 0, and 0 percent, §%§§@§ii§%?y§g Only EGEE and EGdi

having t@r@iﬁa? ethyl groups produced similar results §§ and 11 percent viable
litters, respectively). The rema hyl ethers (diEGEE and ditt

butyl ethers (EGBE, diEceE, ! ‘




_and diEGdi-alky] ethers were more toxic than d1EG, and triEGAIME was’ _
"’ €$xi:‘thaa triEG. The pethyl ethers were g%ﬁgr§%3y more toxic t@sﬁ the ethyl
or butyl ethers with the exception of EGBE.

. 1&@?%&$£€§e.q‘Iastead, they are suggestive, when considered along with other

1afmrmatiéﬂ on each chemical, of the urgency with which these chemicals shouyld
be considered for more detailed conventional testing. From the current

:avafiabie information on the glycol ethers, a correlation can be szen %@iw@éﬁ

viva sareen where these compounds were designated ei
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1. Because of the demand placed upon the single animal supplier by all four

contractors, the {nitial requi

& week ol1d mice.
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CERTSF&QATE OF AUTHENTICITY

THIS IS TO CERTIFY that the microlmages appearing on this ﬁ%ﬁf@i&éﬁ@ BIS 8COUrElS
and complete reproductions of the records of U.S. Environmental Protection Agency
documents as delivered in the regular course of businsss for micrefilming.
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